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The cellular  reactions in antibody formation have  been studied intensively 
in recent years. It is now firmly established that antigenic stimulation triggers 
a typical and specific cellular response in lymph nodes, spleen, and bone marrow, 
which is characterized by the appearance of hemocytoblasts and the develop- 
ment of immature and mature plasma ceils (1). These cell types are the main 
contributors to antibody production (2-4). 
The site of antigen uptake is usually closely associated with the site where 
antibody-producing cells are formed, but it is clear that not all cells which take 
up antigen produce antibody. Furthermore, it is not known whether ceils pro- 
ducing antibody contain antigen or antigen fragments although this is postu- 
lated by the "instructive" theory of antibody formation. As Humphrey (5) has 
pointed out, "If we could trace the fate of antigenic molecules  from the time 
of their entry into ceUs until the time when antibody is produced in response to 
them, we would be on much firmer ground in constructing theories  about the 
mechanism of antibody synthesis." 
The present experiments on the secondary response in poplitcal rabbit lymph 
nodes against horse ferritin were designed  in the hope of determining whether 
antigen is present in antibody-producing cells. Ferritin was chosen because it is 
an antigenic molecule that can be traced under the electron microscope.  Ferritin 
molecules are composed of a highly electron-opaque central core of ferric hy- 
droxide-phosphate  miceiles,  enclosed  by a  protein shell  (6).  In osmium-fixed, 
methacrylate-embedded tissues only the dense inner cores of ferritin molecules 
are visible and not the protein (apoferritin)  moiety. Antibodies are, however, 
formed against the antigenic determinants of the protein shell, and are therefore 
probably identical with those obtained  after immunization  with the iron-free 
apoferritin (7). This offers the opportunity to trace by electron microscopy only 
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the antigenic molecules administered  as the sensitizing injection, or only those 
which  elicit the  anamnestic  response.  The  latter  approach  was  chosen  in  the 
experiments  presented  here. 
Materials and Methods 
Horse ferritin and horse apoferritin were prepared by the methods of Garnick  (8).  Each 
ferritin or apoferritin preparation used in these experiments was crystallized with CdSO4 at 
least 4  times, and the residual cadmium was removed by  treatment with EDTA (disodium- 
ethylenediaminetetraacetate) as previously described (9). 
Male albino rabbits weighing about 2500 gin at the beginning of the experimental period 
were purchased  from local dealers. In one group of animals the primary response to horse 
ferritin was studied. Each rabbit of this group received a single injection of 4 to 8 mg horse 
ferritin subcutaneously into the left hindfoot-pad. These animals were killed with chloroform 
3, 6, 12, and 24 hours, and 2, 4, and 8 days after the injection. 
Another group of rabbits was used for investigation of the secondary response against horse 
ferritin. Each of 15 rabbits received a single sensitizing injection of 2 to 8 mg horse apoferritin 
into the left hindfoot-pad; 5 weeks later, an equal challenging dose of 2 to 8 mg horseferritin 
was injected into the same site. These rabbits were killed 3, 6, 12, and 24 hours, 2, 4, 5, and 
7 days after this "booster" injection. One rabbit sensitized with 8 nag horse ferritin received 
after 5 weeks 3 challenge injections of 8 mg horse ferritin I week apart, and was killed on the 
7th day following the last injection. One rabbit was injected with 4 mg horse apoferritin alone 
and was sacrificed  6 hours later. Two healthy uninjected rabbits served as controls. 
From each rabbit  the left popliteal lymph node and  its contralateral  counterpart  were 
quickly removed under chloroform anaesthesia.  The lymph nodes were rapidly cut longitu- 
dinally into two halves. One half was fixed in 95 per cent ice-cold ethyl alcohol,  embedded in 
paraffin,  and prepared  for immunofluoreseent studies by the method of Salnte-Marie  (10). 
The other half was divided into two parts. One part was cut into small pieces,  fixed in ice- 
cold buffered isotonic CsO4 solution for 1 to 2 hours and prepared for electron microscopy as 
previously described (9). Treatment of thin sections with solutions containing heavy metals, 
particularly lead hydroxide (11), was omitted in these studies, because it was found that this 
makes ferritin molecules almost undetectable in nuclear areas. All sections of methacrylate- 
embedded lymph nodes were, however, coated with a  thin film of evaporated carbon.  The 
remaining portion  of the lymph node  was  fixed  in Bouin-Hollande solution,  embedded  in 
paraffin,  and used for light microscopy studies. Sections of this material were stained by the 
Dominici technique and by carrying out the Prussian blue test. 
The same fluorescent conjugates of rabbit anti-horse ferritin were used as in a companion 
paper  (9).  For the detection of horse ferritin by immunofluorescence, sections were exposed 
for 20 minutes to a solution of the appropriately labeled antibody, washed in buffered saline, 
and mounted either in buffered glycerol or in polyvinyl alcohol (10). 
For the detection of antibody the sections were first exposed  for 20 minutes to a solution 
containing either 0.5 to 1.0 mg horse ferritin or horse apoferritin per ml, washed for 10 minutes 
in buffered physiological saline, and then exposed  to a solution of labeled antibody. It is un- 
important whether horse ferritin or horse apoferritin is used as the middle layer; this variation 
in technique introduces no difference  in the staining properties. 
Controls of specific reactions were carried out by exposing normal lymph node sections and 
lymph node sections of rabbits immunized with bovine serum albumin or diphtheria toxoid 
to similar procedures.  Inhibition tests and controls with heterologous labeled antibody were 
also performed. The specificity of the conjugated anti-horse ferritin antibody was established 
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RESULTS 
Primary Responae: Light Microscopic and Imraunohistologic Findings.--The 
observations made in rabbit lymph nodes after a single subcutaneous injection 
of horse ferritin into the foot-pad were almost identical with those made earlier 
in lymph nodes of mice which had received horse ferritin intravenously  (9). 
Horse ferritin was first detected by specific fluorescence in fat and connective 
tissue surrounding  the nodes, later in subcapsular, trabecular, and medullary 
sinuses. The network of reticuinm fibers in cortex and medulla was quite promi- 
nent by its bright specific fluorescence 3 to 12 hours after the injection in con- 
trast  to the dark areas of closely packed lymphocytes between them. In  the 
sinuses antigen was usually deposited in the form of very fine granules in the 
cytoplasm of sinus-lining  cells, sinus macrophages, and reticulum ceils as indi- 
cated by specific fluorescence and the Prussian blue reaction. 
Most of the cells had taken up so much antigen after 3 hours that their entire 
cytoplasm was brilliantly fluorescent.  Specific fluorescence was often restricted 
to the cytoplasm, leaving the nuclei free,  but rather frequently areas which 
seemed to be in the nuclei of cells were also stained. Because of the sharp con- 
trast, it was quite easy to recognize cell nuclei when not stained by fluorescent 
antibody. It was considerably more difficult  and required close inspection to 
locate them when both nuclei and cytoplasm fluoresced.  In general,  the fluo- 
rescence of the cytoplasm was more prominent than that of the nuclei. 
The over-all distribution of antigen in a particular section and the intensity 
of specific staining varied from node to node and from sinus to sinus, the sub- 
capsular and medullary sinuses often giving the strongest reaction. Mter 4 and 
8 days traces of antigen could still be found in some sinuses, but specific staining 
was very faint and sometimes no longer detectable. At the same time, surpris- 
ingly large amounts of granular, iron-positive material could be demonstrated 
in sinus ceils and reticulum ceils by the Prussian blue reaction. The cytoplasm 
and the nuclei of some of these cells were diffusely stained. 
Apoferritin in the lymph sinuses of a rabbit killed 6 hours after the injection 
had exactly the same morphological  appearance as horse ferritin  when stained 
with  fluorescent antibody, except that  the Prussian  blue reaction was com- 
pletely negative in these sections. 
Cells containing antibody were extremely rare in the lymph nodes of rabbits 
which had received only a single injection of ferritin. On the 8th day following 
the injection, an occasional  plasma cell containing antibody was found in the 
medullary region. None were seen before this time. 
Electron Microscopic Findings.--Three hours  after  the  injection,  ferritin 
molecules were seen extracellulafly in the sinus lumen, along the outer cell sur- 
face of sinus lining  cells, in invaginations of their outer cell membrane, and in 
vesicles close to the cell surface.  A few ferritin molecules were also found scat- 688  ANTIBODY  RESPONSE  TO  FERRITIN 
tered in the cytoplasm and in the nuclei of phagocytic sinus ceils (Fig. 5). The 
same appearance of membrane-bound ferritin molecules and membranes con- 
raining vacuolar and granular forms was found in sinus macrophages of rabbit 
lymph nodes (Figs. 6 and 7) as described for Kupffer and lymph node cells of 
mice (9). In lymph node sections of rabbits killed 2, 4, and 8 days after the in- 
jection, ferritin molecules were present free in the cytoplasm and nuclei of many 
phagocytic sinus and reticular cells but not in plasma cells,  lymphocytes, or 
polymorphonuclear, eosinophilic, or basophilic leucocytes. 
Secondary Response: Light Microscopic and Immunohistological Findings.- 
The secondary response was studied in the popliteal lymph nodes of rabbits 
which had received a single sensitizing injection of apoferritin and, 5 weeks later, 
a challenge injection of ferritin. Antigen distribution and cellular localization in 
the lymph nodes was the same whether the animals had been sensitized or not 
(Fig. 2). On the 2nd, 4th, and 7th days, specific staining of antigen was some- 
what fainter than in the control group but it is questionable whether this differ- 
ence was significant. 
However, on the 2nd day following the challenge injection in some medullary 
regions a few, relatively large, round or oval cells with ovoid nuclei with anti- 
ferritin in their cytoplasm were already visible. Their fluorescence was not very 
bright but still distinct. On the 4th and 5th day many groups of immature and 
mature plasma cells with an abundance of antiferritin in their cytoplasm were 
found in medullary areas (Figs. 1 to 4). These cells lay quite often closely to- 
gether in pairs (Fig. 3) and occasionally a cell in mitosis was seen. In the cyto- 
plasm specific fluorescence often appeared in the form of small granules; darker 
and  brighter  cytoplasmic areas  and  stripes  could be  distinguished  (Fig.  4). 
Sometimes faintly fluorescent dots and specks were located over the nuclei of 
plasma cells containing antibody (Figs.  1 to 3). Antigen and cells containing 
antibody were not found in secondary follicles. Although antigen was rarely de- 
tectable in lymph nodes after the 7th day following a single booster injection, 
the local lymph node removed from the rabbit which had received three chal- 
lenge injections of ferritin into the foot-pad showed considerable antigen in the 
sinuses, and simultaneously, a good plasma cellular response in the medullary 
cords. Most of these plasma cells contained anti-horse ferritin. 
Electron Microscope Observations.--At  all  intervals  investigated,  ferritin 
molecules were found aggregated in membrane-bound granules, and, singly, in 
very great numbers in the cytoplasm and in the nuclei of sinus macrophages and 
littoral cells (Figs. 8 to 10). In the cytoplasm, ferritin molecules were mostly dis- 
persed at random and often seen in more or less close contact with fluffy, amor- 
phous  material  and  with  ribonucleoprotein particles.  In  the  nuclei, ferritin 
molecules were often associated with strands of chromatin material; fewer were 
seen in the lighter parts of the nucleus (Fig. 11). The chromatin substance at the 
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concentration of ferritin molecules  was seen around or in nucleoli  than in the 
rest of the nucleus.  Ferritin molecules were rather uniformly distributed in the 
cytoplasm and cell nuclei, but some sinus-lining  cells and macrophages showed 
ferritin particles exclusively in the cytoplasm. Extracellularly, ferritin molecules 
were regularly found in the ground substance. 
On the 2nd and 4th day after the challenge  injection, numerous oval, well 
defined cells, characterized by a large ovoid nucleus and a conspicuously large 
nucleolus,  appeared in the medullary cords. The chromatin of the nucleus was 
rather homogenous and arranged in the form of a loose network. The cytoplasm 
formed a rim of moderate width around the nuclei and was much less dense than 
most other cells present in the medullary cords, its density perhaps comparable 
to that of sinus-lining  cells. Most of these cells had a small Golgi apparatus and 
showed a few profiles of rough-surfaced endoplasmic reticulum as well as some 
mitochondria  and  many free ribonucleoprotein  particles  in  their  cytoplasm. 
These cells may also be found in normal lymph nodes but their number in- 
creases considerably during a secondary response.  Intermediate forms between 
these well rounded primitive cells and undifferentiated branched reticulum ceils 
in close contact with the fiber reticulum were often found (Fig.  12). 
There is no doubt that  the cell type described above is identical with the 
grosse helle Retikulumzelle (large  clear  reticulum cell) seen under the electron 
microscope  by Stoeckenius and  Naumann  (12)  in  the  spleen  of rabbits  im- 
munized with typhoid bacilli,  and described by many investigators either as 
"lymphoblast" (13),  "transitional  cell" (14),  "acute splenic  tumor cell" (15), 
"activated reticulum cell" (17), "plasmoblast" (16), "reticular cell with plasmo- 
cytic  tendency"  (18),  "primitive  cell"  (29),  or  "proplasmoblast"  (19).  As 
Fagraeus (2) has pointed out, these cells "are most probably all one and the 
same thing". In accordance with international nomenclature (30) we shall call 
this cell type "haemocytoblast." 
The chief original observation made in this study was that ferritin molecules 
were regularly found both in the cytoplasm and nucleus of haemocytoblasts 
(Figs.  12 and  13). The development of haemocytoblasts into mature plasma 
cells has been described in detail by so many investigators working with the 
electron microscope  (12,  18-22)  that  it  appears  unnecessary to repeat  their 
description of the process. It is sufficient to note that this process consists mainly 
of the development of an  elaborated  ergastoplasm together with a  complex 
Golgi apparatus and condensation of the nucleus to the typical "spoke-like" 
structure seen under the light microscope. Numerous cells in the various stages 
of development up to and including  mature plasma cells were often found in 
our material, and all submicroscopical  details reported by us and others (21, 22, 
12, 18, 19) concerning  these cell types could be confirmed. We found, in addi- 
tion,  that  many immature  and  some mature plasma  cells contained ferritin 
molecules in the cytoplasm (Figs. 14, 15, and 17), Golgi apparatus (Fig. 16), and 690  ANTIBODY  RESPONSE  TO FERRITIN 
the nucleus (Fig.  18).  The greatest number of ferritin molecules was always 
found in sinus-lining cells, macrophages, and reticulum cells, with smaller quan- 
tities in haemocytoblasts. Ferritin molecules became progressively less numer- 
ous in immature and mature plasma cells. Relatively few ferritin molecules were 
observed in mature plasma cells, and many cells contained no ferritin. 
In plasma cells,  as well as sinus-lining cells,  ferritin molecules were more 
often associated with membranes dotted with ribonucleoprotein particles and 
with the dense nuclear chromatin material than with other constituents. No 
ferritin molecules were found in perinuclear spaces or ergastoplasmic vacuoles. 
Ten  to  60 ferritin molecules were counted per mature plasma cell  in  the 
sections studied, which would correspond to 2000 to 12,000 ferritin molecules 
per plasma cell, if one assumes a cell diameter of 15 ~ and a section thickness 
of 500 A. 
Ferritin molecules were never found in mitochondria, lymphocytes, poly- 
morphonuclear, eosinophllic,  or basophilic leucocytes. 
DISCUSSION 
Pinocytosis seems to be the basic mechanism by which horse ferritin molecules 
become incorporated into  the  cytoplasm of phagocytic cells  of the reticulo- 
endothelial system. This has been shown for Kupffer cells and macrophages in 
the lymph nodes of normal mice (9).  Additional evidence for such a  process 
was found in the popliteal rabbit lymph node 3 hours after a single injection of 
horse ferritin into the foot-pad, as reported in this paper. In rabbits sensitized 
with apoferritin and  reinjected  with ferritin, pinocytotic vesicles  were  seen 
only in a small minority of phagocytic cells. The majority of ferritin molecules 
were dispersed at random in the cytoplasm and nuclei of these cells. Vacuoles 
and membrane-bound granules typical of the pinocytotic uptake of ferritin 
were, however, occasionally encountered. This difference is probably the mor- 
phological expression of a  more rapid uptake and intracellular processing of 
phagocyted material in sensitized than in unsensitized animals. 
It is not yet known by what mechanism immune complexes are incorporated 
into phagocytic cells. It seems conceivable that antiferritin antibodies, present 
locally at the time of injection, combined with the injected ferritin and were 
responsible for an enhanced and perhaps different mode of uptake. It is well 
known that antigens are much more rapidly eliminated from the circulation in 
the presence of antibody than in its absence (23), indicating a different rate of 
clearance of antigen-antibody complexes by phagocytic cells. Experiments with 
immune complexes on the cellular and molecular level and studies on the early 
phases of ferritin uptake in an immune response will have to be undertaken to 
clarify this point. 
The most striking observation made in the present work was the finding of 
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cells, haemocytoblasts, and members  of the plasma cell family. Ferritin mole- 
cules can apparently also penetrate into the nuclei of macrophages of unsensi- 
tized animals,  but in such  animals  they were not found in either young or 
mature plasma cells (9). 
The finding of ferritin in nuclei  of phagocytic lymph node cells and their 
plasma cell offspring is in apparent contradiction to the observations  of other 
investigators (24, 25) who failed to detect antigen in nuclei. Kruse and McMas- 
ter (24) using colored azoproteins, and Haurowitz and his associates (25), using 
soluble, heavily substituted S  as sulfanil-azo-bovine gamma globulin and bio- 
synthetically labeled  S  85 rabbit serum albumin, found these  antigens only in 
the cytoplasm. Their findings and ours are, however, not irreconcilable. Tracing 
ferritin molecules by electron microscopy is a very sensitive method, because it 
allows the detection of individual molecules. In any event, there is no doubt that 
ferritin molecules actually penetrate the nudei of cells of the reticuloendothelial 
system; this  observation dearly substantiates earlier  observations  of intra- 
nuclear antigen (26). 
As far as we know, electron microscopic observations  of endogenous ferritin 
in the cell nuclei of normal animals have not been reported.  Stoeckenlus (27) 
mentions that he saw ferritin molecules occasionally in the nuclei of macro- 
phages in the rabbit spleen after the injection of large doses of erythrocytes, 
but this seemed to be exceptional. Richter (28) observed intranudear aggregates 
of ferritin in some liver parenchymal ceUs of mice treated with saccharated iron 
oxide and killed 5 months later. However, in these experiments ferritin mole- 
cules were concentrated in dense intranuclear granules of a size visible under 
the light microscope, whereas  in our material ferritin molecules were always 
uniformly distributed throughout the nuclei,  often in dose contact with the 
chromatin substance  and regularly detectable 3 hours after the injection. This 
time interval appears much too short for a possible conversion into, and de novo 
synthesis of, rabbit ferritin, a problem  which has been discussed in detail in 
reference  9. We may therefore  reasonably assume  that most of the ferritin 
molecules seen were actually horse ferritin, which would imply that intact horse 
ferritin molecules penetrated into the nuclei. 
Circumstantial evidence leads us to assume that ferritin molecules penetrate 
through the nuclear pores. In favor of this concept are the observations  that 
ferritin molecules were almost never seen in the very peripheral  chromatin ex- 
cept close to the nuclear pores and that ferritin molecules were usually located 
along the network of chromatin material filling the nuclei. Also, it seems un- 
likely that ferritin molecules would penetrate directly through the two mem- 
branes enveloping  the nucleus,  and they actually were not seen in the peri- 
nuclear space. The possibility cannot be excluded that intracytoplasmic ferritin 
molecules enter the nuclei during cell division at a time when the nuclear mem- 
brane is disrupted. However,  the rate of mitosis of sinus-lining cells in lymph 692  ANTIBODY  RESPONSE  TO  FEI~ITIN 
nodes is too low to account for the number of cells containing ferrifin molecules 
in their nuclei as early as 3 hours after injection. 
The cellular response in an immune event is a highly specific one. Cells, after 
first contact with an antigen, acquire an enhanced reactivity to a second anti- 
genic stimulus after a latent period of several weeks. A specific cellular reaction 
is necessary for the production of specific antibody, and plasma cells differenti- 
ate during the process into cells which have the highly developed ergastoplasm 
required for extensive protein synthesis. Phagocytic and undifferentiated cells 
do not possess this structure. Plasma cells have been called "unicellular glands" 
for this reason  (18)  and, indeed, their fine structure resembles that of other 
protein-producing cells, for example exocrine pancreas cells. This evidence must, 
however, be reconciled with the fact that an increase in the number of cells 
capable  of protein  synthesis necessarily connotes a  decrease in  the antigen 
concentration in each cell. If one assumes that there are 10,000 ferritin molecules 
in the first cell of a cell line which reaches maturity in 8 generations (31), there 
would be only 78 molecules in the mature cell. But a molecule of 465,000 mol wt 
might have 400 antigenic determinants, or 30,000 per cell at the end of 8 genera- 
tions. They would, of course, be invisible, having lost their iron. Nevertheless 
according to  these calculations, the number of antigen molecules per ceil  is 
great  enough to  support  the  template theory of antibody formation, which 
requires  templates on a  substantial fraction of ribosomes (32,  33).  However, 
perhaps  the most significant finding here is  that  there are,  in fact, antigen 
molecules in mature plasma cells. 
It is unfortunate that we could not ascertain whether the ferritin-containing 
plasma cells were actually making antiferritin since we could not carry out both 
determinations on  the same kind of preparation.  Many plasma ceils  in  the 
medullary cords were certainly engaged in this synthesis. 
De Petris, Karlsbad, and Pernis (34) have recently reported experiments on 
the antibody response  to ferritin. They mention finding 1 to 5 molecules of 
ferritin per square micron of cytoplasm, a  concentration comparable to ours. 
Their main  concern was  the  direct  testing of plasmocytes for antibody by 
specific affinity for ferritin when frozen sections were exposed to a  solution of 
it. They found a high affinity over the cisternae of the endoplasmic reticulum, 
suggesting the presence of antibody there; they did not find any ferritin at that 
site in control sections of the same material. (We also found no ferritin in the 
endoplasmic reticulum.)  Unfortunately, their observations do not allow the 
interpretation that antigen was present in cells containing antibody, for they 
found that more ferritin was deposited from solution onto the cytoplasm, per- 
haps non-specifically, than was present in unexposed control sections. Hence, 
ferritin surviving from injection could not be distinguished from ferritin used 
to detect antiferritin. 
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static picture of a dynamic system, makes it more difficult to draw valid con- 
clusions than would a similar study on the living cell. Nevertheless, two findings 
emerge: (a) intact antigen, i.e. horse ferritin molecules, can penetrate into the 
nuclei of phagocytic cell elements and establish close contact with chromatin 
material;  (b)  ferritin molecules are demonstrable in nuclei and cytoplasm of 
plasmoblasts and plasma cells at the height of a secondary response against this 
antigen. 
Note Added in Proof.--Nossal  et al.  (Nature,  1963, 199,  1259, and in Ann.  New 
York Acad. Sc., Conference on Autoantibodies,  in press), using a highly labeled anti- 
gen, could not demonstrate antigen in plasmocytes  during a secondary response, nor 
in 100 cells known to contain antibody. They used a minute dose of antigen, in con- 
trast to our less precise large one. 
The critical  question  is: Are there any cells synthesizing  antibody which do not 
contain fragments of antigen? The answer, if it is to come from such an experimental 
approach, must probably be cast in quantitative terms relating the rate of synthesis 
to the amount of antigen present. 
SUMM~Ry 
The physical presence of the antigen used to stimulate a secondary antibody 
response was demonstrated in the cells of popliteal lymph nodes. Rabbits pre- 
viously injected with apoferritin (containing no iron), which was prepared from 
recrystallized horse ferritin, were given an injection of ferritin 5 weeks later. 
The antigen was  traced by means of the Prussian blue reaction, by specific 
fluorescent antibody, and by electron microscopy. Antiferritin antibody was 
localized by immunofluorescence, though it was not possible to test cells si- 
multaneously for antigen and antibody. Horse ferritin induces a  rather weak 
primary antibody response, but a  brisk secondary response characterized by 
the appearance in  the medullary cords of numerous plasma  cells containing 
antiferritin.  Many  intact  ferritin  molecules  were  found in  the  nucleus  and 
cytoplasm of numerous reticular and other phagocytic cells in the sinuses. In 
decreasing amount, ferritin molecules were also clearly demonstrated in hema- 
cytoblasts (plasmoblasts), and immature and mature plasmocytes. 
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EXPLANATION OF PLATES 
Unless otherwise stated, all photomicrographs represent sections of the left pop- 
liteal lymph nodes from rabbits which had received a  single sensitizing injection of 
horse apoferritin and, 5 weeks later, a challenge dose of horse ferritin subcutaneously 
into  the left hindfoot-pad. Doses administered and  time intervals after which  the 
rabbits were killed are indicated in  the legends of  the figures. 
PLATE 76 
FIG. 1. Medullary cords of rabbit lymph node on the 5th day after the challenge 
injection of 4 mg horse ferritin. A number of plasma cells containing anti-horse ferritin 
are present as demonstrated with fluorescent antibody. Only traces of antigen can be 
seen at this time. About ×  700. 
FIG. 2. Horse ferritin in cells lining medullary sinuses of rabbit lymph node 12 hours 
after challenge injection of 4 mg horse ferritin. The antigen is preferentially localized 
in the cytoplasm but is also seen in some nuclear areas. Note the granular appearance 
of the cytoplasmic staining. No cells containing antibody are present. About  ×  700. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL.  119  ~LATE  76 
(Wellensiek and Coons: Antibody response to ferritin) PLATE 77 
FIG.  3.  Medullary area,  rabbit lymph node.  Pairs of plasma cells  with  positive 
reaction for anti-horse ferritin 5 days after challenge injection with 4 mg horse ferritin. 
Dots of  fluorescent material over nuclear areas.  About  X  700. 
FIG. 4.  Small artery and plasma cells containing anti-horse ferritin in medullary 
region of a rabbit lymph node on the 7th day of a secondary response against 4 mg 
horse ferritin. Note the darker stripes in the cytoplasm of the plasma cell in the center 
of the field (arrow). About X  700. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL. 119  PLATE  77 
(Wellensiek  and Coons: Antibody response to ferritin) PLATE 78 
FIG. 5. Left popliteal lymph node, rabbit, 3 hours after the challenge injection of 
4 mg horse ferritin. Part of a  cell lining a  medullary sinus (LA'). Groups  of ferritin 
molecules in invaginations of the outer cell membrane  (arrows).  Ferritin molecules 
within small vesicles (V  b  V~,  V3) in the cytoplasm. A few ferritin  molecules are also 
dispersed in the cytoplasm and in the nucleus (N) (arrows, upper part of the picture). 
X  78,000. 
FIG. 6. Ferritin molecules inside vesicles, the larger one in the center of the picture 
also containing folded membranes (from part of the cytoplasm of a  haemocytoblast, 
5 day secondary response against 8 mg horse ferritin, left popliteal lymph node, rab- 
bit).  X  72,000. 
Fio. 7.  Vesicle filled with convoluted membranes and numerous ferritin molecules 
(from phagocytic cell in medullary region of rabbit lymph node, same animal as in 
Fig. 6). N, nucleus. About  X  70,000. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL.  119  PLATE  78 
(Wellensiek and Coons: Antibody response to ferritin) PLATE 79 
F~c. 8. Portion of a sinus wall, sinus lumen (LS) at the extreme right of the picture 
(rabbit, left popliteal lymph node,  7th  day secondary response against 4 nag horse 
ferritin, medullary region). A group of dense ferritin-containing  vesicles in the cyto- 
plasm near the nucleus (N).  Part of a  lymphocyte is seen  in the left corner of  the 
figure.  Extracellular spaces  marked ES. Rectangular inset is seen in Fig. 9 at higher 
magnification. X 20,(}00. 
FIo. 9. Same cell as in Fig. 8. Perinuclear space  (PNS) continuous with part of the 
rough surtaced endoplasmic reticulum (-~).  Portion of a membrane-enclosed gran- 
ule containing ferritin molecules may be seen in the lower left corner (FG1). Numerous 
ferritin molecules dispersed at random in the cytoplasm and in the nucleus (N) (single 
arrows).  Note that no ferritin molecules  are present in  the perinuclear space and in 
the endoplasnaic reticuluna. About ×  50,000. TIIE  JOURNAL  OF EXPERIMENTAL  MEDICINE  VOL.  119  PLATE  79 
(Wellensiek and Coons: Antibody response  to ferritin) PLATE 80 
F~G. 10.  A  vesicle  containing ferritin limited by a  membrane fills the left lower 
quadrant of the picture. The perinuclear space  (PN,~')  traverses  the picture from the 
upper left corner to the middle right. Ferritin molecules  scattered in cytoplasm and 
in the nucleus (N) (arrows).  Same cell as in Figs. 8 and 9.  X  104,400. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL. 119  PLATE  80 
(Wellensiek  and Coons: Antibody response to ferritin) PLATE  81 
FIG.  11. Portion of a  reticulum cell (rabbit, left popliteal lymph node, 5th day sec- 
ondary  response  against  8  nag horse ferritin).  Part of the nucleus  (N)  is seen  in  the 
upper right half of the picture. The perinuclear space (PNS), showing a  nuclear pore 
(NP), runs  from  the  upper  left  to  the  lower right  corner.  A  few ferritin  molecules 
(arrows)  are scattered  in the cytoplasm; more can be seen in the nuclear region (N). 
Note  that  the ferritin  molecules are  associated  with  the  darker  chromatin  material 
but  not  with  the  chromatin  close  to  the  nuclear  membrane.  A  dense  granule  con- 
taining osmiophilic material and  a  few ferritin molecules left of the center. M, mito- 
cbondria.  X  72,000. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL.  119  PLATE  81 
(Wellensiek and Coons: Antibody response to ferritin) PLATE 82 
FIG. 12. "Activated" reticulum ceil with large nucleolus, loose chromatin, and deep 
infotdings  of  the  nuclear  membrane  (rabbit,  left pop]iteal  lymph  node,  medullary 
region,  7 day secondary response against 4  mg horse ferritin).  Rectangular  inset at 
higher magnification in Fig. 13.  )< 12,000. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL.  119  PLATE  82 
(Wellensiek and Coons: Antibody response to ferritin) •  7~Y: 
PLATE 83 
FIG.  13. Same cell as in Fig.  12 at high magnification (X  100,000).  Ferritin m 
cules in nucleus and cytoplasm (arrows). THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL.  119  PLATE  83 
(Wellensiek and Coons: Antibody response to ferritin) PLATE 84 
F1G. 14. Portion of plasma celt from medullary region of rabbit lymph node on thc 
7th day of a secondary response against 4  mg horse ferritin. Ferritin molecules in the 
plasma cell cytoplasm and  in an adjacent cell (upper right corner) are indicated  by 
arrows.  M, mitochondrion. ×  96,000. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL. 119  PLATE  83* 
(Wellensiek  and Coons: Antibody response to ferritin) PLATE 85 
FI~S. 15 and 16. Portions of plasma cells from the medullary region of a poplitea] 
rabbit lymph node showing a  typical secondary response against 8 mg  horse ferritin 
5 days after the challenge injection. 
FIG.  15.  Part of  plasma cell with ferritin molecules in  the cytoplasm.  X  72,000. 
FIG.  16.  Ferritin molecules in  the  Golgi region of a  plasma cell. N,  nucleus, M, 
mitochondrion.  X  72,000. THE  JOURNAL  OF  EXPERIMANTAL  MEDICINE  VOL. 119  PLATE  85 
(Wellensiek  and Coons: Antibody response to ferritin) PLATE 86 
FIG.  17.  Plasma  cell with  highly  differentiated ergastoplasm  (ER)  from  rabbit 
lymph node with  secondary  response 5  days after  the  challenge injection of 4  mg 
horse ferritin. The  perinuclear space (PNS) is clearly delineated and interrupted by 
several nuclear  pores  (NP). M,  mitochondria.  A  few  very  faintly visible ferritin 
molecules are indicated by  arrows  in  the  upper  right  corner.  Rectangular  area  is 
presented in Fig. 18 at higher magnification.  ×  36,000. THE JOURNAL OF EXPERIMENTAL MEDICINE VOL. 119  PLATE 86 
(Wellensiek  and Coons: Antibody response to ferritin) ~PLATE 87 
FIG. 18. Same cell as in Fig.  17. A few ferritin molecules in nucleus and cytoplasm 
(arrows).  X  72,000. THE  JOURNAL  OF  EXPERIMANTAL  MEDICINE  VOL. 119  PLATE  87 
(Wellensiek  and Coons: Antibody response to ferritin) 